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FULL-SCALE-TUNNEL “INW3STIGATION OF THE PRESSURE

DISTRIBUTX2N OVER THE TAIL OF THE

F-47P AIRPLANE

By Ric@.rd C. Dingeldein

ZNT?RODUCTION

At the requeqt of the Army Ai~ Forces> Materiel Command,
measurementswere made. of the pressures on the tail surfaces
of the Republic Aviation Corporation P-47B airplane in the
NACA full-scale tunnel. The pressures were measured over
the horizontal and vertical tail surfaces for several airplane
angles of attack and angles of’yaw and with numerous control-
surfac.edeflections to prmvide a check,on the design loads,

This report shows the distribution of the tail normal
force between the fixed and the movable surfaces, the effects
of yaw and rudder deflection on the normal forces on the
horizontal tail surfaces, and the similar effects of angle of
attack and elevator deflection on the vertical tail surfaces.
Some calculations have been made of the normal-force coeffi- “
cient of the horizontal tail surface and the chordwise pres-
sure distributions by means of existing empirical and theo-
retical knowledge for comparison with the experimental data.
This paper was originally issued as a Memorandum Report for
the Army Air Forces, Feb. 20, 1943.

Cn

CN

dCNt-dat

dCNt/d60

SYMBOLS

section normal-force coefficient (n/qc)

normal-force “coefficient (N/qS)

tail effectiveness

elevator effectiveness

.- - . --- . .. .
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T ratio of the eff’ectivenesljof a charuzein elevator
angle tie.to thQ.0ffeCtiven099 OF a change in

* dCNt~6~
tail angle at\

( )-

local static pressure

()1,2dynamic pressure @V ~

normal force

section normal force

incremental additional distribution
.,

incremental basic distribution

incremental normal-force distribution (Pa5 + ~5 )
. .

~ormal-i’orce distribution for unreflected qontrol
surface ..

total calculated normal-force distribution (PI + P~) ,:

normal-force distribution determined from”pressure-
distribution tests “

area

total area of horizontal tail surface (59.6 sq ft)
(includes area blanketed by fuselage)

stabilizer area (37.6 sq ft)

elevator area, including balance (22 sq ft) “ .

fin area (13.6 sq ft)

rudder areaj including balance (12.9 sq ft)

local velocity in boundary layer

velocity

chord (length behind hinge line on movable surface)

angle of attack of horizontal tail.surface



QT angle of attack of thrust axis relative to free-
stream direction$ degrees

YJ angle of yaw, degrees; positive when left wing
moves forwzrd

8 control-sur~aae deflection, degrees; positive with
elevator down or rudder left

c downwash an@e at tail measured relative to’free-
stream d@!$QtLon, degrees

it angle of st%Q315.zer settin~ with res~ect to the
‘thrust axi~,
edge down

P mass density 05

Subscripts:

o free stream

a stabilizer

e elevator

f f’LZ

r rudder

t horizontal tail

is isolated tail

degrees; p~sitive wi~h trailing

airs slugs per cubic foot

surface

APPARATUS AND TESTS

The Republic P-.47B is a high-altitude pursuit airplane
(figs, 1 and 2) weighing about 13,500 pounds and equip~d
with a Pratt & Whitney R-2800-21 engine and a four-blade
Curtlss electric propeller. The tail surfaces have” approxi-
mately elliptical chord distribution although they are not
of elliptical plan form. The.elevator and rudder are pro-
vided with inset hinge-balanaes averaging 16,.4and 14.8 per-
cent of the average control-surface chordj respectively,
The elevator and the rudder on the airplane tested are
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fabrio-covered and are fitted with control tabs. The ratio
of the avera e tab chord to the average control-surface chord

2is about 0..4 for the elevator and 0.35 ;gr the rudder: . The
stabilizer incidence for the tests was 12 and the Ieading
edge of the fin was offset 1° left from the longitudinal axis
of the airplane.

A total of 437 flush-type orifices was installed in the
empelmage as follows: 40 2n the stabilizer, 150 in the
elevator, 68 in the fin, ad 79 in the rudder. The orifice
locations and rib dimensiQn9 are given in figures 5 and 4
and in tables I, II, and 111.

All tests were made with the propeller removed. At
zero angle of yaw and at airplane angles of attack of 0° and
15,6°, the tail-surface pressures were measured for several ‘
angular deflections of the elevator. (See table IV.)
Similar tests were made for a range of rudder deflections at
yaw angles from 0° to 9°; One test at an intermediate angle
of attack of 5.1° and several tests at an angle of attack
just above the stall (17.1°} were also made.

The elevator was deflected 3° for the rudder tests.
:Td ::evator -d rudder tabs were locked at settings of -2°

respectively. The thrust axis, the stabilizer chord,
and th~ longitudinal axis of the airplane were used as refer-
ence lines from which angle of attack, elevator deflection,
and rudder deflection were measured.

The tunnel airsneed for the tests at the two low an~les.
of attack was 87 miles per hour. The tests
angles of attack were made at an airspeed ‘of

RESUZTS AND DISCUSSION .

at the two fiigh
63 miles per hour.

Isometric charts of typical pressure distributions over
the P-47B tail surfaces at three angles of attack for different
control-surface settings and yaw angles are shown id figures 5
to 15. I$o unusual tail load distributions are indicated by
these results. Por high angles of attack of the fixed sur-
faces ‘the expected peak loads occlm on the leading edge of ,
the fixed surface, and for large deflections of the movable
surfaces the expected peak loads occur near the hinge line.
A peak load occurs on the elevator mais balance for elevator
angles in which the nose of the balance .pro”ects appreciably
beyond the stabilizer surface. i(See fig., .)

.,

.
.

.
b

.

.

.

,-
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A reduction in normal force on the ribs adjacent to the
fuselage is clearly shown by the data. This reduction in
normal fcrce~ which increases with angle of attack, results
from the wake of the fuselage and wing-fuselage juncture.
(see figs, 5 to 8.) A large reduction in the pressure peaks
at the right side of the horizontal tail surface was measured
atq= 17*1O (fig. ~). The decrease is due’to local
stalling which occurred< on this side of the horizontal tail
‘fihenthe wing stalled+

The pl}ess~me distribution on the vertical tail surface
“,~~ththe rudder deflected -9~ at an @ngle of attack of 0°
and an angle of’yaw of O0 is shown in fi~ure 9. Similar
data at an angle of yaw of 90 for rudder deflections of 0°
and -6° are shown In fi ures 10 and 11, and the data for an
angle of attack of 15,6~ are shown in figures 12 to 4.
Results at the stalled angle of attack of 17.1° with the
airplane yawed 9° are presented in figure 15.

Normal-Porcq Coefficients

The average normal-force coefficients that were found by
integrating the span load distribution curves are given in
table IV. All of the coefficients used in this report are
given in terms of free-stream dynamic pressure except where
noted. Because the pressure distribution between ribs 5
and 6 was not measured, the following method was used for .
estimating the load on the fuselage: The spanwise curve of
normal-force distribution was faired as a straight line
between ribs 5 and 6 as an upper limit of the possible load.
For the lower limi,t,the load curve was faired to zero at
the juncture of the stabilizer and fusela~,. The stabilizer
normal-force coefficients CN~ were then plotted (fig. 16)
for each of the two fairings over a ran ~ of elevator def’lee-
tions at angles,of attack of 0° and 15.f and compared with
si,milarvalues determined from unpublished force tests made
in the IiAC!.full-scale tunnel. From this comparison, it
was found that about two-thirds of the difference between”the
normal forces given by the two fairings should be applied as
the load on the fuselage. The stabilizer span loadings
were accordingly faired for each of the tests.

Curves of the span load distribution for representative
test conditions are shown for the stabilizer in figure 17 and
for the elevator in figure 18. Combined distributions for
the horizontal tail showing the variation of the load with
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elevator deflection and the effect of yaw on the horizontal
tail are given in figure 19. Typical span loadings on the
fin and rudder are shown in figure 20 and the loading over
the entire vertical tail surface for each of these conditions
is shown in figure 21.

The variations of the nopmal=force coefficients on the
fixed and movable surfaces with airplane. angle of attack are
shown in figure 22 for an elevator setting of 3°. The normal-
force coefficients of the stabilizer and the elevator ar”ethe
same at an angle of attack of 4°. At aT= 15,6° the
stabilizer normal-force coefficient is about Wy?ee times as
great as the elevator normal-force coefficient.

The normal force on the fin increases with angle of
attack for th~ zero-yaw condition due to an apparent increase
in sidewash across the fin from left to right. The load on

, the rudder remains negligibly small over the entire range of
angle of attack.

The effects of elevator deflection on the stabilizer

k
and eleva or normal-force coefficients for 0° and

= 15.6
%= .,

-.aT are shown in figure 23*

The variation of CN with angle of yaw for the vertical
tail surface at airplane angles of attack of 0° and 15.60 is
shown in figures ~ and 25, respectively. similar curves
of CN plotted against rudder deflection for different yaw
angles are given in figures 26 and 27, The increase of the
normal force on the fin with yaw is 50 percent less at an
angle of attack of 15.6° than at an angle of attack of OO.

.
.

.
.

The effects of rudder deflection and yaw angle on the
normal force on the horizontal tail are shown in fi@es 28
and 29, respectively} and similar effectsof elevator deflec-
tion on the vertical-tail loadtigs are shown in figure 30.
The effects are small but measurable.

Prediction of Ibrces on Horizontal Tail Surface

An attempt has been made to determine whether agreement’
exists between the measured pressure distribution on the P-43’B
horizontal tail surface and the distribution predicted by
existing empirical and theoretical lmowledge. Owing to the .

lack of sufficient data relative to the sidewash angles at , -
the tail$ a similar correlation for the vertical tail has not

..



7

bnen made. The steps followed “inpredicting the pressure
illsti’ibutionson the horizontal tail surface of the P-4,7B

(4)

are:

Calculation of’the isolated-tail characteristics
from the tail dimensions

●

Determination” of the resultant downwash and dynamic-
pflessure dis%~ibution at the tail.plane

Determinatiw of the average normal-force coeffi-
cient of .~hahorizontal tail surface for any
an~le of atitaokand elevator deflection

Calculation @ the chord load distribution corre-
sponding @ the calculated section normal-force
coefficim%s .,

Jsolated-tail chmacteristics. - The normal-force coef-
ficient of’an isolated tail can be expressed in the form

.

where

For the isolated horizontal tail surface of the P-47B “
airplane, the tail effectiveness (dCNt/dat)is, which depends
mainly on the aspect ratio, was found to be 0P062from
reference 1. The corresponding valve of T$ which depends
mainly on the ratio of the elevator area to the total tail
area; was found to be 0.54 (reference 1). The elevator
effectiveness (dCNt/d5e)is is therefore 0.033, .

Some error may exist in these ‘empirical values inasmuch
as the slope (dCNt/dat)is also depends on the various other
features of the taildesign, such as the chord distribution,
the elevator cut-out, and the gap between the stabilizer and
the elevator. The chord distribution appears to have little
effect, provided the tail has rounded tips. Measurements
made to investigate the effect of cut-out’on (d~Nt/dat) ~

tshowed this effect to be almost negligible (reference 1 .
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A gap between the stabilizer and the elevator is, in ~eneral~
detrhmmtal although the published data on the subject appear
to be incomplete.

Downwash at tail. - The effective angle of attack.of
the horizontal tail surface’ at may be expressed as follows:

The downwash at the tail c may be considered as the resultant
doWnWash of the wing, the fuselage, and the wing-fuselage
juncture. The wing downwash can be computed with considerable
accuracy by the methods of reference 2; however, the effect
of tbe fuselage and wing-fuselage juncture on the resultant
downwash at the tail is not readily calculable and may be the
source of considerable inaccuracy-for airplanes with a poor
wing-fuselage juncture. The effective angles of attack of
the P-4.7Btail were calculated to be 0,9° and 8.3° at airplane
angles of attack of 0° and 15,60., The values given for at
are corrected for jet-boundary effects at the tail (reference 3)*

Dynamic-pressure distribution across horizontal tai~. - In
the mesence of the air~lane, the normal force on the tail is .
redu~ed owing to the lo~s of-dynamic pressure at the tail due

.

to the wing and fuselage wakes, A few calculations, based on
the methods of reference 2, showed that the horizontal tail
surface was above the wing wake for.angles of attack below

..

1546° and was at the top of the wing wake at UT = 15.6°. !Phe
change in dynamic pressure at the tail due to the fuselage
boundary layer has been calculated by the methods of refer-
ences 4 and 5. Figure 31 shows the loss in dynamic pressure
at the tail due to the wing and to the fuselage wakes at

‘XI?=15.6° and the resultant dynamic-pressure variation
across the tail semispan.

Figure 32 shows the variation of the product of local
dynamic-pressure ratio and local chord along the tail semi-
span for ~ = 15.6°. In accordance with the experimental
results of figure 19 the value of (q/qo)c shown in figure 32
at the fuselage center line has been taken as 40 percent of
the peak value of (q/qo)c. The resulttig dynamic-pres”sure
distributions resernhle the actual span-loading curves.
Weighted average values of q/qg across the tail span were
calculated to be 0.90 at w = O ~d 0.78 at UT = 15.6o.

.

Normal-force coefficient of horizontal tail. - The .
.

average normal-force coefficient at the tail for any particular
.

.
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an@e of attack and elevator deflection is determined from
the isolated-tail characteristics and from calculated values
of ~ and q/qo* A summary’of t

T
ical calculations of

normal-force coefficients on the P- 7B tail together with
values obtained from the press~e meas~ements-follows:

‘%

Lo
~5.6
15.6

+

6* at

Q 0.9
0 8.3
5 8.3

I~~
%)

(Calcu-
lated)

()”.90 0.54
,70 .54
,78 .~h

. .

:Calmu-.
lated)

0.065
.062
.062

o,o~~ IIO.0~ 0,056
.035 .029 .515
.053 I .029 I .680

Experi-
mental

-~.04.2
.517
.671

.

Some discrepancy exists at @ = 0° between the experimental
and the cal~ulaked valuea of ‘CNt.’ Inasmuch as the experi-
mental value of CITt is negative for an apparent positive
tail tingleof attack, it er.nears likely that the fuselage$
the effects of which were n~&lected in the calculation, may
have considerable influence on the resultant dovmwash’at the
tail at this argle of attack. F@ures”33 and 34.show the
stabilizer span lQad distribution measured at aT = 0° for
elevator deflections of 0° and 3°, respectively. It iS
seen that tb.edown load’is greatest at the inboard sections
of the stabilizer; this fact indicates an apparent increase
in domwash at these sections due to the fuselage. The
effect of the fuselage on the resultant downwash at the tail
at 9= 15.60 appears to be negligible.

.

The normal-force coefficient at any section may be de-
termined from the calculated values of (cN~)ig because, for
a surface having an elJj~ical chord distribution, the normal-
force coefficient at any section will be constant along the
%ail span and equal to (CNt)is. A comparison is Given in
figure 35 @ the section normal-force coefficients calculated
by the afore-mentioneti methods and the values determined from
the pressure measurements. The agreement between the calcu-
lated and the experimental results is good. It should be
noted. (fig. 35)that the forces normal to the”surface will be
greatest at the outboard sections of the horizontal tail
inasmuch as the dynamic pressures at these sectiohs are
g~eate3t. This distribution of normal force may result in
greater values of bending moments than those that would be
calculated for the structural design of the tail based on
conventional methods.
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Chord load distribution. - The chordwise pressure dis- .._.
trtbution corresponding to any section normal-force coeffic-
ient may be calculated by following the metM.ods given in
references 6 and 7. - Based on the section ntirmal-force
coefficients as determined herein, calculations of the chord-
wise pressure “distribution for one representative chord have
been made and arb ,cqnpared with the experimental results Zn
fipJrEs 36 to 39. The calculations were made for an NACA
0006 section, which is very similar to the airfoil section
used in the P-.47Btail. The pressure-distribution curves
have been calculated for a flap chord equal to the elevator
chord plus balance (figs. 36 and 37)and for a flap chord
equel to the elevator ohord (fizs. Z8 and .39). The com-
p~ison between
cates tk.atbest
flap chord were
of the elevator

the calculated ~nd ~he mea;~ed results indl-
agreement would h“avebeen obtained if the
measured from a point midway between the nose
and the elevator hinge line~

SUIWA.RY’OF’RESULTS

The pressure-distribution measurements over the P-47B
tail sur~aces show the following results:

1, There was a smaller loading at the inboard sections
of the horizontal tail surface and a greater Ioadi,ngat the
outboard sections of the horizontal tail surface than would
be expected for a surface having aQ elliptical chord distri-
bution. The reduction in section normal force at the ribs “-”
adjacent to the tuselage was due to the fuselage boundary
layer and increased with angle of attack.

2. The nornal-force coefficient of the fin at zero yaw
angle increased from -0.066 at an angle of attack of 0° to
0,016 at an angle of attack of 15.60, but the load on the
rudder was negIigi_oly small for

3* The increase of n~rmal
was about 50 percent less at an
than at 0°,

~. Tbe effect of elevator

ill angles of attack.

force on the fin with yaw
angle of “attack of 15,6°

deflection on the vertical-
tail effectiveness and the effect of rudder deflection on
the horizontal-tail effectiveness were small but measurable.

.

.

.
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5* The pressure distribution over the horizontal tail
of the P-47B airplane was approximated by existing theoreti-
cal and empirical methods.

Langley Memorial Aeronautical Laboratory$
National Advisory Committee for Aeronautics,

Langley Field, Va.
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TABLE 111

CHORDS AT ORIFICE STATIOITS

[Measured in in.~

Total Fixed Movab1s
Rib

chord surface surface Balance
(1)

1, 10 34 4* 9~ g~

2, 9 40 22 U?l 33

3, 8 4$ z% 17+ 3$

4, 7 57; 35; 18? 33

5, 6 58 40 -u?
1

11 31; 16 i 3:6’

12 35 23* 11 5
13 4% ++ 4; 5

14 54 35~ 18 5

15 74 47; ,21+ 5
16 26 --- 21 5

-.

. .

.

.-

lDimensions given are from hinge line to
trailing edge.

..

.“
..
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TABLE IV

NORMAL-FURCE COEFFICIENTS &lXIRALL TEST CONDITIONS

[Based on free-stream dynamic-pressure]

Run

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5.1
15.6
15.6
15.6
L5.6
15.6
L5.6
15.6
L5.6
15.6
L5.6
L5.6
L5.6
L5.6
15.6
L5.6
L5.6
15.6
L5.6
L5,6
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McA Figs. 31,32
A Distribution of dynamic-pressure ratio qfqo due to wing wake
B Velocity distribution through fuselage boundary layer u/V.
C Variation of q/q. through fuselage boundary layer
D Combined effect of wing wake and fuselage wake q/q.
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